ABSTRACT
INTRODUCTION
In traditional navigation, to reduce the number of calculations, calculations are done with many simplifications, for example on a plane or a sphere instead of a spheroid. In modern navigation the spheroid such as WGS-84 ellipsoid is applied but in simpler navigation devices and in instructions for practical navigation a sphere is still used. The question arises what are differences between these two models of the earth.
In [1] comparison has been made between great circle distance on the navigation sphere and great ellipse on the spheroid and it has been concluded that this difference is near to 0.5%.
In [3] similar results have been obtained by simple comparison of extreme radiuses of curvature and an average substitute radius of the sphere.
In [4] the problem of differences for this radius have been partially numerically analysed for the global range of latitudes.
There are many global average radii defined such as mean, authalic, volumetric or rectifying. In [3] it has been proposed the radius of the sphere which gives minimum absolute percentage value of differences given by the equation ( The set of procedures for calculating orthodromes (defined as the path of the shortest distance on any surface) by the application of solutions of the problems known in geodesy as the direct and the inverse geodetic problems, have been presented in [2, 3] .
In formal notations: φ 2 , λ 2 = DGP (φ 1 , λ 1 , S, C gs )
S = IGP (φ 1 , λ 1 , φ 2 , λ 2 )
where φ 1 , λ 1 and φ 2 , λ 2 are the departure point and the destination point, respectively, S is the orthodromic distance, C gs is the Course Over the Ground (COG) at the departure point of the orthodrome, DGP is the procedure of solving the direct geodetic problem, IGP is the procedure of solving the inverse geodetic problem, FIMAX is the procedure of calculating maximum latitude. In this paper these procedures, with results based on full accuracy Sodano's solutions [5, 6, 7] on WGS-84 reference ellipsoid (as in [2, 3] ), will be analysed in comparison to the great circle distance
for the full range of φ 1 , C gs and S and for the global and limited range of latitudes.
GLOBAL RANGE OF LATITUDES
For the departure latitude φ 1 taken from 0º to 90º in steps of 10º, λ 1 = 0, the departure course C gs -from 0º to 180º in steps of 10º and the spheroidal orthodromic distance Sfrom 100 NM to 10000 NM the destination points φ 2 , λ 2 are calculated with the use of the procedure (7) and for these points the great circle distance S S is calculated by using Eq. (10). Tables for the given orthodromic distances S are generated from the differences ∆S = S S -S Such exemplary tables are: Tab. 1 (∆S % for S = 100 NM) and Tab. 2 (∆S for S = 5400 NM).
For each given distance S the maximum positive and negative differences ∆S max%+ , ∆S max%-, ∆S max+ , ∆S max-can be found. These differences are presented in Tab. 3, Fig. 1 and 2 .
Maximum differences have been found with the use of extremes finding tool (Microsoft Excel Solver) where values φ 1 and C gs are not limited to values in Tables and therefore maximum differences in Tab. 2 are not the same as in Tab. 3 for S = 5400 NM.
It has been proved that R S from Eq. (1) is the only one which gives symmetrical ( and therefore minimum ) absolute and percentage differences reaching up to ±0.5% and ±17 NM, respectively. A small asymmetry is due to the fact that this equation gives exact symmetry for S near to zero distance.
Maximum positive differences appear for meridional orthodromes symmetrical to the equator and negative differences appear for meridional orthodromes symmetrical to the poles.
Maximum percentage differences appear for shorter orthodromes due to the bigger part of extreme difference between the radius of curvature in meridian and R S at the equator and the poles in shorter orthodromes and the smaller part in longer orthodromes.
Maximum absolute differences of about ±17 NM appear for S = 5400 NM for meridional orthodromes from 45° N to 45° S (and reversed) and from 45° N to 45° N or from 45° S to 45° S through the poles.
From S = 7840 NM the maximum negative differences of orthodromes change position from the poles to the equator where the percentage difference is constant and the absolute difference grows proportionally to the orthodromic distance.
LIMITED RANGE OF LATITUDES LIMITED HIGHER LATITUDES
In marine navigation higher latitudes are not accessible. For this reason and for navigation in limited range of latitudes, orthodromic differences can be analysed for orthodromes for which
where φ max is from the procedure (9) and φ lim is a limited latitude.
Differences in Tab. 1 and 2 are the functions ∆S = f(φ 1 , C gs , S, R S )
which can be extended to
The tables can be generated for a given S and φ lim with points ∆S lim = f(φ 1 , C gs , S, R S , φ max > φ lim ) = 0 Therefore such R S is optimum one to minimize maximum differences.
Since maximum percentage differences are for S = 100 NM (and are similar for all shorter orthodromes - Fig. 1 ) and maximum absolute differences are for S = 5400 NM therefore exemplary tables for φ lim = 60° for the two distances are presented as Tab. 4 and 5.
Optimum R S and ∆S limmax in function of φ lim are presented in Tab. 6, Fig. 3, Fig. 4 and Tab. 7, Fig. 5, Fig. 6 .
Results for S = 5400 NM and lower φ lim are rather of little importance because for these values tables of ∆S lim have a few possible orthodromes only.
LIMITED LOWER LATITUDES
Nothing prevents from limiting also lower latitudes. In this case Eq. (17) can be extended to ∆S lim =f(φ 1 ,C gs ,S,R S ,φ 1 < φ min ,φ 2 <φ min ,φ max >φ lim ) =0 (20) where φ min is limited lower latitude.
Exemplary table for φ taken from 20° to 60° and for S = 100 NM is presented as Tab. 8.
CONCLUSIONS
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